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INTRODUCTION 

This document represents the ninth monthly report covering the work on the 
experimental program for development of an "Osmotic S t i l l "  and improvements 
in the performance characteristics of the Ionics Dual Membrane Fuel Cell during 
the month of March 1363. This development work is being accomplished under 
NASA-LewLs Research Center Contract No. NAS 3-2551 by the New Product Research 
Department of TAPCO, and Ionics Inc. as a subcontractor to TAPCO. 

I1 0- PROGRESS 

A. Tapco Portion of Program 

1. The final performance test with the c-60 membrane was 
completed. 
at an electrolyte temperature of 2009 and a vapor pressure of 
4.36 psia and an acid pressure of 9.0 psia. 

A water extraction rate of 136 cc!/hr ft2 was obtained . 

2. 
and the design specifications are as follows: 

A preliminary design of the 2 KW unit has been completed 

H2SO4 Concentration = 6 N or 25% 

Average H2SO4 Temperature = 200% 

H20 Extraction Rate = 2 lb/hr = 908 cc/hr 
Active Membrane Area = 7 ft 
Active Membrane Diameter = 9.6" 
Number of Membranes = 14 
Design Vapor Pressure Differential = approx. 7 psi 
Design H2S04 Flow Rate = 0.69 GPM (acid chambers In series) 
Design Condenser Coolant Flow Rate = 1.0 GPM 

2 

3. The plastic materials compatibility tests were completed. Results ' 
of these tests are presented under Section V, Test Results. 

t 

4. 
unit has been completed. 
rubber compound8 have been tested. In general, these compounds may 
be adequate, but application technique is extremely critical. 
two compounds used in these teats were General Electric RTV 102 and 
Dow Corning Selastic RTV 503. 

Preliminary investigation of gasketing materials for the 2 KW .J 

Varioua methods of application of silicone 

The 
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5 .  
performance t e s t  i s  sham schematically i n  T R W  Figure LA. 

Preliminary design of the t e s t  r i g  f o r  the 2 KU s t i l l  100 hour .* 

B. Ionics Portion of Program 

1. Progress was made i n  long term, high current density and 
high power density single c e l l  performance and i n  the assembly 
and t e s t  of multiple-cell  ba t te r ies .  

2. 
performance. 
5-cell  ba t te r ies .  

Cells were run continuously up t o  1000+ hours w i t h  sat isfactory 
They were removed from the t e s t  r i g  t o  make way f o r  

2 3. Following a 1000+ hour t e s t ,  a c e l l  was successfully run a t  
about 150 amps/ft2. 
was achieved. 

A m a x i m u m  power density of over 40 w a t t s / f t  

4. 
Techniques t o  assemble and fill the batteries were developed. 

The t e s t  r igs  were modified t o  accept 5-cel l  ba t t e r i e s .  

5 .  Two 5-cel l  ba t t e r i e s  were assembled and run successfully f o r  
100 hours each, one a t  60% and one a t  30°C. 
over 3.F a t  24 amps/ft*, compared t o  the  3 . 4 V  a t  t h i s  current 
density needed t o  p a r a l l e l  the requirements of the ten-ce l l  ba t te ry .  

Output voltages were 

I11 CURRENT €'ROBLENS 

A. Tapco Portion of Program 

There have been no mador technical problem during t h i s  reporting period. 

B. Ionics Portion of Program 

1. Data obtained on ?-cell ba t t e r i e s  must be fully evaluated. 

2. Choice of components for the lQ-ce l l  Demonstrator Battery 
must be f inal ized.  

N NEXT MONTH'S EFFORTS 

A. Tapco Portion of Program 

1. Finalize 2KW un i t  design. 

2. Complete d e t a i l  drawings of 2KW uni t .  

3. Finalize t e s t  rig design. 

4. Procure a l l  r a w  material and parts f o r  t e s t  un i t  and t e s t  r i g .  

5. Fabricate 2KW unit .  

6. I n i t i a t e  t e s t  r i g  assembly. 



Monthly Progress Report No. 9 
Page -3- 

B. Ionics Portion of Program 

1. Complete tests on f i v e  5-ce l l  ba t t e r i e s .  

2. Continue data evaluation of 5-cell battery tests.  

3. 
fabr ica te  components and complete i n i t i a l  assembly of the  bat tery.  

Final ize  choice of components f o r  10-cell  Demonstrator Battery, 

V. TEST RESULTS 

A. Tapco Portion of Program 

1. "he r e su l t s  of a 30 day t e s t  on polyvinyl dichloride and polymethyl 
methacrylate material  a f t e r  being exposed t o  a 30% solution of su l fu r i c  
acid a t  2009 i n  a ref lux condenser are expressed i n  TRW Table IA. 

As a re su l t  of these t es te ,  the polyvinyldichlor ide material  has been 
selected as the material  o f  construction f o r  the acid and vapor chambers 
of the 2KW osmotic s t i l l .  

B. Ionics Portion of Program 

1. Single Cel l  Tests 

The two, 36 sq. in .  t e s t  ce l l s  recorded as s t i l l  running last month 
(Cel ls  D9228 and E1651) were continued on test u n t i l  the tes t  stands 
were needed f o r  use with 5-cell bat ter ies .  
s ingle  c e l l s  (E1679 and El685) were constructed, tes ted and disassembled. 
One of these (E1679) was used t o  follow up an apparent lead uncovered 
i n  p r io r  4 sq. in .  c e l l  work; the other (~1685) was assembled from the 
sane components that went in to  the first 5-cell  ba t te ry  (Battery 1). 
Detailed data are  given i n  Table 1. 

In addition, two other 

1.1 Successful Lona-Tern Runs 

C e l l  ~ 9 2 2 8  was run fo r  over 500 hours and C e l l  ~ 1 6 5 1  f o r  over 1000 hours 
while meeting e l e c t r i c a l  requirements. 
r i g s  t o  make room fo r  5 - c e l l b a t t e r i e s .  
somewhat with time. The measured spec i f ic  conductance increased again 
a f t e r  an intermediate low value. 

They were removed from the tes t  
Both c e l l s  tended t o  improve 

SPECIFIC CONDUCTANCE 
Mho 6 / f t 2  

I n i t i a l  

Intermediate L o w  

Final  

D9228 ~ 1 6 5 1  
158 266 

98 I21 
178 226 
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1.2 High Current and Power-Density Tests 

Cel l  ~ 1 6 5 1 ~ a s  successfully run a t  a current density of about 
150 amps/ft2 f o r  a =-hour period. 
somewhat with  time, 0.21V i n i t i a l l y ,  0.19V f ina l ly .  The test  shuwed 
that high current dens i t ies  can be maintained by Dual Membrane fuel  ce l l s .  

A polarization curve was obtained i n  the 0-100 amps/ft The 
t o t a l  po ten t ia l  between the c e l l  terminals was determined a t  various 
ciirrent dens i t ies .  In &clition, a staiida-6 calomel rcference electrcde 
war3 immersed i n  the electrolyte  stream leaving the c e l l .  The po ten t i a l  
between each c e l l  terminal and the reference electrode was  a l so  
determined a t  each current density. 
i n  Figure 1. The data obtained are  shown i n  Figure 2. 

2 A curve of pmer-density (watte/ft  ) VB current density was prepared 
from these data and is presented i n  Figure 3. A point, representing 
"average" conditions of the 150 amps/ft2 run, is included. 
dens i t ies  of over 40 watts/ft2 were obtained. 

The c e l l  output voltage decreased 

2 
region. 

A schematic of the hook-up is shown 

Power 

1.3 High-Teflon Oxygen Electrode 

The Sixth Monthly Report (February 10, 1963) included r e su l t s  of 
experiments carried out i n  4 sq. in.  ce l l8  where the amount of Teflon 
used i n  preparing electrodes was varied. Opt imum r e s u l t s  were obtained 
when the oxygen electrode was made with a paste  including 4 times as 
much Teflon dispersion as normal and the  hydrogen electrode had only 
1/2 the normal amount. 

To follow up this lead, Cell  E1679 was assembled with an oxygen 
electrode t h a t  had four times the normal amount of Teflon. A 
standard hydrogen electrode w a s  used as attempts t o  prepare one 
using only 1/2 as much Teflon dispersion-were unsuccessful: the 
paste d id  not s t i c k  well  t o  the platinum gauze. 

Unfortunately, t h i s  c e l l  d id  not perform a t  a l l  well  and the multiple- 
c e l l  ba t t e r i e s  w i l l  be assembled using standard electrodes. 

1 . 4  Comparison Cel l  

A single 36 sq. in .  c e l l  (~1685) was assembled of the same components 
used i n  Battery 1. (See Table 2.)  
t o  provide a check on the operation of Battery 1. 
i n  Section 2 which deals with 5 - c e l l b a t t e r i e s .  

G a s  pressure drop data were obtained 
The data a re  included 

2.0 >-Cell Bat ter ies  

The t e s t  r i g  was modified t o  permit handling several  5-cel l  b a t t e r i e s  
simultaneously. Techniques fo r  assembling and f i l l i n g  the b a t t e r i e s  
were tes ted and f inal ized.  Two 5-cell batteries were assembled during 
the month of March, 1963 and 8ubJected t o  100-hour performance t e s t s  
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a t  the prescribed current density of 24 amps/sq. f t .  
of varying some of the flow parameters was a lso  investigated. 

The e f f e c t  

2.1 Assembling and F i l l i ng  5-Cell Bat ter ies  

Forms and systems were devised and employed t o  provide multiple qual i ty  
assurance checks during the assenibly of the ba t te r iea .  All  compartments 
and electrodes were individually ident i f ied  and t h e i r  correct  emplace- 
ment w i t h  regard t o  locetion, d i rec t ion  ard  r igh t  o r  l e f t  handedness 
within the ba t te ry  stack was ver i f ied  and recorded. 

me e I e c t r o ~ y t e  e~ iqe , . r t~en t s  - i r e  fi.lled by sucking LZ SE ~ $ 0 4  
the acid i n l e t  manifold with the aid of a slight vacuum Tl3.2 ps ia )  
applied t o  the acid e x i t  manifold. 
means of a variable constriction i n  the acid i n l e t  l i n e  t o  about 
20 ml/min. 
with a luc i t e  cover p la te  showed t h a t  t h i a  technique would r e s u l t  i n  
bubble-free f i l l i n g  of the electrolyte  compartments. 

The f i l l i n g  r a t e  was adjusted by 

Prior  t e s t s  with a dummy e lec t ro ly te  compartment faced 

The work with this dummy compartment a180 suggested a modification i n  
the design of the top (exit end) of e lec t ro ly te  compartments. A s l i g h t  
"cathedral ceiling" (mid-point raised 3/16" above the horizontal)  would 
f a c i l i t a t e  the removal of any gas bubbles that might otherwise remain 
i n  the compartment. Such a modification i n  the design of e lec t ro ly te  
compartments has been adopted and implemented. 

After f i l l i n g  a bat tery,  the i n l e t  acid manifold was closed and the 
vacuum on the e lec t ro ly te  campartments maintained fo r  some t i m e  i n  
order t o  check t h a t  gas would not leak in to  the e lec t ro ly te  compartments 
through possible defects i n  the membranes or  through cross-leaks i n  
the manifold system o r  through the s ide walls of the c e l l  assembly. If 
gas bubbles appeared i n  the e lec t ro ly te  e x i t  manifold, o r  i f  e lec t ro ly te  
would flow out of this manifold ( indicat ing in t e rna l  gas bubble appear- 
ance), sui table  s teps  were taken t o  close off the par t icu lar  leak i n  
question. 
the t e s t  r i g .  

All ba t t e r i e s  were "bubble-tight" p r io r  t o  in s t a l l a t ion  on 

2.2 Characterist ics of Batteries 1 and 2 

A summary of the componente, operating conditions, and performance of 
Bat ter ies  1 and 2 i s  given i n  Table 2. 
l iquid accumulation ra tes ,  and pressure drops a re  given i n  Figures 4 
through 14. 

Detailed log p lo t s  of voltage, 

Both ba t t e r i e s  used Teflon compartments and tantalum pusher and col lector  
p la tes .  However, the electrolyte  compartments of Battery 1 were of 
thicker  stock than those of Battery 2 (roughly 1/8" vs 1/101') and 
contained txo layers of Trilok instead of 1. The main difference 
between the two ba t t e r i e s  was that Battery 1 was tes ted a t  60% and 
Battery 2 a t  3OoC. 
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Battery 1 performed sa t i s f ac to r i ly  from the start. 
density of 24 amps/ft2 was maintained a t  be t t e r  than 3.5 v o l t s  
throughout the 165 hours that the ba t te ry  was on t e s t .  
be compared with the 3.4 vol ts  f o r  a ? -ce l l  ba t te ry  that corresponds 
t o  the average c e l l  voltage of 0.68 vol t s  required f o r  the 10-cel l  
Demonstrator Battery. 

A current 

This may 

During the  first 113 hours, Battery 1 w a s  run with gas r a t e s  of about 
'2 tines the gas zoni;*xptlor, ratcs - flow rates ef qprexixmtely 
2 l i ters/min. of %, 1 l / m  Of 02 - and a f a i r l y  high e lec t ro ly te  
r a t e  of 60 ml/min. ( R u n  1 - A ) .  
down t o  about 3 times the consumption r a t e  (Run 1-C). 
and 1-C, the e lec t ro ly te  r a t e  vas  reduced t o  7 ml/min. 

Operation a t  the law gas r a t e  (1-B) was not stable:  every 8 hours o r  
so the  voltage developed i n  one c e l l  would start t o  drop, apparently 
due t o  l iquid accumulation i n  the gas compartment. A sudden short  
decrease i n  damstream preseure would r e s u l t  i n  a rapid discharge of 
l iquid and return of the c e l l  voltage t o  normal. 
intermediate r a t e s  (1 -A  and 1-C), no such i n s t a b i l i t y  occurred, 
apparently the more s ignif icant  gas compartment pressure drop6 (60 
and 30 mm H$ vs 14 mm H$ in 1-B) were suf f ic ien t  t o  enBure adequate 
purging of l iquid from the  gas compartments. 

Thereafter, the gas r a t e s  were cut 
For both 1-B 

A t  the high and 

The voltages developed showed no trend with t i m e .  
higher f o r  1-B and 1-C than for 1-A. 
i n t e rna l  temperature resul t ing from a decrease i n  e lec t ro ly te  flow 
r a t e .  

They were somewhat 
This may be due t o  the higher 

The pressure drops measured a c r o ~ s  the compartments were more o r  l e s s  
In  l i n e  Kith those obtained in  the single c e l l  made of some of the  same 
components (Cel l  E1685). 

The e lec t ro ly te  pump Operation was such that the pump would operate i n  
e i t h e r  one of two modes: it would e i t h e r  operate continuously giving 
a fairly constant pressure drop through the bat tery,  o r  it would pump 
intermit tent ly ,  being controlled by high and low pressure relays.  
Thie second mode of operation would give a pressure drop cycling i n  
l eve l  between high (pump pumping) and low (pump not pumping). 
resu l t ing  data are shown i n  Figure 8. 

The 

Battery 2 d id  not give qui te  8c) sa t i s fac tory  performance. 
f a i r l y  s tab le  operation could only be obtained by running the e lec t ro ly te  
compartments a t  a s l i g h t l y  higher pressure than the gas compartments 
(about 5 psig VI 2.3 ps ig) .  Even so, a s l igh t  deter iorat ion i n  voltage 
with t i m e  was observed. 
( R u n  2-A-1) performance became e r r a t i c  f o r  4 hours but w a s  brought 
back t o  an acce-ble l eve l  by eliminating the del iberate  pressure 

I n i t i a l l y ,  

After 48 hours of t h i s  s o r t  of operation 
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imbalance. 
Removal of the pressure imbalance a l so  brought the l iquid accumulation 
r a t e s  down appreciably. 
balance suggests that contact between electrodes and membranes was 
not as good as it should have been. However, Battery 2 did complete 
100 hours a t  30OC and a current density of 24 mps / f t2  while developing 
a voltage averaging over 3.5 vol ts .  Following Run 2-A, the  temperature 
of the bath surrounding Battery 2 was raieed t o  60% and another 100+ 
LA. l l u ~ D  9 - 4  r&i cumpleted. 3 : s  v i l l  be repor ted in the tenth imnthl;~ r e p o r t  
covering work performed In A p r i l  1963. 

The second half of R u n  2A (Zun 2-A-2) w a s  then completed. 

The i n i t i a l  requirement f o r  a pressure i m -  

QUALITY ASSURANCE 

A. Tapco Portion of Program 

The Quali ty  Assurance Status of the program a t  both TAPCO and Ionics 
is considered t o  be sat isfactory as it re l a t e s  t o  the design, fabrication, 
and t e s t  a c t i v i t y  carried out during t h i s  reporting period. 
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I ‘ J 3 W  TABLl 

Plastic Material Compatibility 

Palymethyl Methacrylate 

Uncertified Sample A-1  

Uncertlf ied Sample A-2 

Cert i f ied Sample B-1 

Cert i f ied Dmple B-2 

Polyvinyl Dichloride 

Certified Sample C-1 

Certified Sample C - 2  

Uacertified Sample D - 1  

Uncertified Sample D-2 

0.9975 x 1.002 x 0.247 

0.9980 x 1.003 x 0.247 

0.999 x 1.002 x 0.226 

0.999 x 1.002 x 0.224 

0.999 x 1.005 x 0.126 

0.398 x 1.005 x 0.126 

0.984 x 1.004 x 0.123 

- L A  
Pest With 30:6 H2SO4 a t  2OO0F 

Weight 
(Grama ) :hes) IIarcine s s ( Ser co 1 ) 

After Before After Before After Remarks 

399 x 1,025 x 0.244 

284 x 1.040 x 0.241 

999 x 1.0025 x 0.226 

loo x 1,002 x 0.225 

399 x 1.0~5 x 0.127 

398 x 1.002 x 0.127 

389 x 1.004 x 0.121 

4y 

49 

50 

49 

3 

5 

5 

8 

42 

42 

42 

41 

4 

6 

5 

8 

- 2  - I - - - ”  nonn,a L l A L G N I C U O  L w L 6 L . u  A L V & U  
I -73 ,TI 4.6773 4. ( A I (  

3.241 to 0.246 

4.7233 mickness ranged from 4.6‘799 2.23 to 0.243 

4.3550 4.3904 

4.3292 4.3628 

?, .1662 3.1355 

3 * 1593 3.1765 

3.0026 3.0131 Thickness ranged from 
G.121 to 0.126 



Components 
Endp 1 a tes 

' Insulqtors 
Col 1 ector P1 ates 
Gas Compartments 
Pusher Plates 
Electrodes 
Mefnbranes 
E 1 ec t r o l  y t e  Comp. 
T r i l o k  F i l l e r s  
Gaskets 6 Gromnets 

~- 

era  t inta Con d l  t i o w  
Run No. 

Rates 
H2, 1 i t e d m i n  
0 , l i ters /min 
Efectrolyte, m l / m i n  

Pressures 
H2, psig. 
0 , psig: 
Eqectrol yte, psig. 

Current Load, 9/Ft 
Temperature, O C ~  
Ourgation, Hours 

2 

Performance i 

fressure Drops 
Hp, H20 
02, H20 

. J i w i d  Accumulation 
H2 side: ti O,!gm/hr 

O2 side: H 0, gn/hr 

' 2  H2S04, m/hr 

{so4, .Qn/br 

V ~ I  taaeg Q 2 u / f t 2  
C e l l  1 i 

C e l l  2 
Cell 3 
Cell  4 
Cell  5 ' 

Total 

TABLE 2 
SUMMARY OF BAT~ERY OPERATION 

1 -A 

2.10 
1.02 

. & I  

5.0 
5 * O  
4L7-5. 1 

24 
60 

112 
~~ 

46 
60 

' 6.6 
i .4 

. 5.2 
1.1 

' 0.670 
. 0.745 
.0.715 
0.700 

.3 566 
. 0.730; 

15 
* 14 

5.5 
1.6 
4.3 . 
I,  :1 

0.684 

0.718'k 
0.740' , 

'0.760 ' 

0 . 728 

3 .'630 

1 -'C. 

0.90 
0.44 
7 

5.0 
5 * 0  
4.7-5.1 

24 
60 
27 

25 . 
f 30 

7-6 
0.95 
7.5 
I .25 

o .'684 
0 753 
0 . '726 

l 0.716 
*O .726 

'IIi 3.605' 

2-A- 1 

2>. 2 
1 .os 

I 60 

2.5 
2.1 
4.7-5.1 

24 
30 
48 

50 
100 

4.8 
1.4 
7.5 
I .8 

.670 
795 

.670 
4 790 
..658 

3 585 

2-A-2 

2.2 
1 .OS, 

60 

24 
30 
52 

50 
100 

1 *35 
0.26 
2.6 
0.47 

. 678 
785 

.690 
779 

.650 
3.575 

$<Operation unstable, occasional gas surkes needed, to c lear Ports. 
I 
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